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METHOD FOR IMPROVED PERFORMANCE 
AND REDUCED BANDWIDTH CHANNEL 
STATE INFORMATION FEEDBACK IN 

COMMUNICATION SYSTEMS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to Wireless communication 

systems. 
2. Description of the Related Art 
Communication systems, and in particular, Wireless com 

munication systems convey (i.e., transmit and/or receive) 
information over communication channels. In many cases, 
the quality of such channels varies depending on various 
Well-knoWn channel parameters. Certain channel parameters 
such as channel fading, phase jitter, frequency translation, 
signal to noise ratio (SNR) or carrier to interference ratio (C/ I) 
often have a direct effect on the quality of a particular channel. 
The channel parameters can be measurements of speci?c 
physical quantities that occur in the channel, e. g., phase jitter, 
channel fading and frequency translation are representative of 
such physical quantities. Other channel parameters are the 
results of calculations of one or more physical quantities; 
examples of these other parameters are SNR and/ or C/ I. Infor 
mation transmitted through the communication channels are 
often adversely affected by the channel parameters. In short, 
there is typically a direct relationship betWeen the quality of 
a particular communication channel and the values of one or 
more of these channel parameters. 

In many communication channels, particularly Wireless 
communication channels, the quality of a particular commu 
nication channel may vary from instant to instant during 
transmission. The quality of a communication channel relates 
to the ability to transmit relatively high data rates With no or 
relatively feW errors detected at a receive end of the channel. 
Thus, for a given period of time the amount of information or 
the rate at Which information is conveyed over a particular 
channel may be one value and at the next period of time, the 
rate or amount of information can change to another value. 

To address the problem of varying channel conditions, 
communication systems can transmit the information signals 
at relatively high poWer so that When the channel conditions 
are adverse, the relatively large transmit poWer Would still 
alloW transmitted signals to be properly detected and thus 
prevent errors from occurring. The use of relatively large 
transmit poWer may help reduce the error rate, but at the 
expensive cost of poWer. Therefore, many communication 
systems use a feedback mechanism Whereby a receiver, after 
having received information over a communication channel, 
transmits channel condition information to the corresponding 
transmitter over a feedback channel Where such channel con 
dition information contains channel parameter values for the 
communication channel over Which the transmitted informa 
tion Was received. 

In a Wireless communication system, the one or more com 

munication channels through Which information is transmit 
ted from a base station to a user or mobile station is commonly 
referred to as the forWard link. The information can be either 
user information or signaling information or both. User infor 
mation is information exchanged betWeen tWo or more users 
of the communication system or betWeen a user of the com 
munication system and another user of the communication 
system. The signaling information is used by the communi 
cation system to initiate, maintain and terminate communi 
cations betWeen users or betWeen users and equipment of the 
communication system. The user equipment or mobile station 
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2 
is able to measure and/or calculate channel parameters of the 
forWard link from the information received from the trans 
mitting base station. The channel parameters are referred to as 
channel state information (CSI). 
The CSI, Which represents the condition of a communica 

tion link (e.g., the forWard link) at a particular instant in time, 
is generated by the mobile station and then transmitted over a 
feedback channel to the base station; that is, the mobile mea 
sures and/or calculates various channel parameters and trans 
fers channel parameter values to a channel state matrix Whose 
contents are transmitted over the feedback channel. The chan 
nel state matrix thus contains one or more channel parameter 
values, i.e., channel condition information. The base station 
Will adjust either its transmission poWer, information rate or 
amount of information transmitted based on the channel con 
dition information it receives from the mobile over the feed 
back channel. For example, the base station may reduce the 
transmission poWer because the conditions of the forWard 
link have improved. The channel condition information is 
transmitted over the feedback channel in periodic fashion; 
that is every T seconds, channel condition information is 
transmitted over the feedback channel for a particular mobile 
station. T is a de?ned time period. The channel condition 
information can also be transmitted a periodically. Depend 
ing on the rate of transmission of the channel condition infor 
mation, the amount of feedback information transmitted for 
each user may use a relatively large amount of communica 
tion resources such as poWer and bandWidth. The term band 
Width as used in this context refers to the amount of informa 
tion (e.g., number of bits) that can be transmitted during a 
de?ned time period. As the throughput of Wireless commu 
nication systems increases, the amount of information that is 
transmitted over the feedback channels increases accord 
ingly. The throughput of a communication channel or system 
is the amount of information that is successfully conveyed 
over the channel or system during a de?ned time period. 
Successful conveyance of information refers to receiving 
information With no errors With a system de?ned acceptable 
amount of errors. Therefore, as communication systems 
increase their throughput, more resources are allocated to the 
feedback channels. 

Certain communication systems use multiple antenna sys 
tems such as Multiple Input Multiple Output (MIMO) 
antenna systems in Which transmitting and receiving equip 
ment use multiple antennas to simultaneously transmit and/or 
receive information over communication channels. Other 
examples of multiple antenna systems are Multiple Input 
Single Output (MISO) systems and Single Input Multiple 
Output (SIMO) systems. MISO systems have multiple trans 
mit antennas at one end and a single receive antenna. SIMO 
systems have a single transmit antenna at one end and mul 
tiple receive antennas. It should be noted that in all the afore 
mentioned multiple antenna systems, the multiple antenna 
structures have multiple antennas that are capable of trans 
mitting and/ or receiving information. 

Wireless communication systems With multiple antenna 
systems and a feedback channel arrangement have to use even 
more resources for the feedback channels; this is because 
channel condition information as seen by each one of the 
multiple antennas is transmitted over the feedback channel. 
Thus, more bandWidth is needed and correspondingly more 
available transmission poWer is needed to implement such a 
feedback arrangement. What is, therefore needed, is a tech 
nique that uses the bandWidth of the feedback channel more 
e?iciently and/or a technique that uses relatively less band 
Width or a reduced bandWidth for the feedback channel of a 
communication system that has multiple antenna systems. 
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SUMMARY OF THE INVENTION 

The present invention provides a method of transmitting 
long term information over a feed back channel of a commu 
nication system that has multiple antenna systems. The long 
term information is obtained from information representing 
measured and/or calculated channel parameters. The long 
term information is information received over one or more 

communication channels and such information has been 
determined to vary relatively sloWly over a de?ned time 
period. The long term information is obtained from the 
received information or from at least a portion of the received 
information that varies relatively sloWly over the de?ned time 
period. The obtained long term information can be one or 
more parameters or a portion of one or more parameters. 

In particular, the method of the present invention receives 
information transmitted by one or more multiple antenna 
systems over one or more channels of the communication 
systems. The received information can be system information 
and/ or user information. The method of the present invention 
then derives channel parameters from the received informa 
tion by measuring and/or calculating such parameters from 
the received information. Alternatively, the received informa 
tion can be already measured and/or calculated channel 
parameters. The long term information is obtained from one 
or more channel parameters or portions of one or more chan 

nel parameters. The obtained long term information is 
arranged in a particular manner or format and is transmitted 
over a feed back channel during a de?ned time period. 
Because the long term information varies relatively sloWly 
over the de?ned time period, such information need not be 
transmitted repetitively during such period thus reducing the 
throughput of the channel over Which such long term infor 
mation is transmitted. Further, because the value of the long 
term information remains relatively constant for one or more 
de?ned time periods, the amount of bandWidth used to com 
municate this value is relatively small because it need only be 
communicated occasionally. Thus only a small bandWidth 
needs to be allocated for transmitting this long term informa 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a How chart of the method of the present invention. 

DETAILED DESCRIPTION 

The present invention provides a method of transmitting 
long term information over a feed back channel of a commu 
nication system that has multiple antenna systems. The long 
term information is obtained from information representing 
measured and/or calculated channel parameters. The long 
term information is information received over one or more 

communication channels and such information has been 
determined to vary relatively sloWly over a de?ned time 
period. The long term information is obtained from the 
received information or from at least a portion of the received 
information that varies relatively sloWly over the de?ned time 
period. The obtained long term information can be one or 
more parameters or a portion of one or more parameters. 

In particular, the method of the present invention receives 
information transmitted by one or more multiple antenna 
systems over one or more channels of the communication 
systems. The received information can be system information 
and/ or user information. The method of the present invention 
then derives channel parameters from the received informa 
tion by measuring and/or calculating such parameters from 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
the received information. Alternatively, the received informa 
tion can be already measured and/or calculated channel 
parameters. The long term information is obtained from one 
or more channel parameters or portions of one or more chan 
nel parameters. The obtained long term information is 
arranged in a particular manner or format and is transmitted 
over a feed back channel during a de?ned time period. 
Because the long term information varies relatively sloWly 
over the de?ned time period, such information need not be 
transmitted repetitively during such period thus reducing the 
throughput of the channel over Which such long term infor 
mation is transmitted. Further, because the value of the long 
term information remains relatively constant for one or more 
de?ned time periods, the amount of bandWidth used to com 
municate this value is relatively small because it need only be 
communicated occasionally. Thus only a small bandWidth 
needs to be allocated for transmitting this long term informa 
tion. 

For ease of explanation, the method of the present inven 
tion Will be discussed in the context of a mobile station 
receiving information (e.g., channel condition information) 
from a base station Where both the mobile and the base station 
are part of an 3Glx-EVDV (Evolution Data Voice) commu 
nication system modi?ed to include multiple antenna systems 
and Where such mobile station transmits long term informa 
tion to the base station over a feed back channel of the com 
munication system. The long term information thus can rep 
resent channel condition information that provides the base 
station an indication of the quality of the forWard link 
betWeen the mobile station and the base station. The base 
station processes the channel condition information as per the 
method of the present invention. The base station has one or 
more multiple antenna system and the mobile also has one or 
more multiple antenna systems. The method of the present 
invention is also applicable to SIMO and MISO communica 
tion systems. Both EV-DO and EVDV Wireless communica 
tion systems use feed back channels to alloW a mobile unit to 
transmit channel condition information to the serving base 
station. 

Referring to FIG. 1 there is shoWn a How chart of the 
method of the present invention. In step 1 00, information (i.e., 
user and/or system information) transmitted over a forWard 
link of the communication system by a base station is 
received by the mobile station. The information is transmitted 
through the use of a multiple antenna system and received by 
a mobile that is using multiple antennas. Note that the mobile 
can also be using a single antenna. The received information 
can be either user information or signaling information or 
both. Usually, pilot signals are the signals carrying the 
received information from Which channel parameter values 
are extracted or obtained. Pilot signals are standard signals 
used for various purposes in Wireless communication sys 
tems; pilot signals, for example, are used as beacon signals to 
assist mobiles to obtain access to a communication system. 

In step 102 using the received information obtained from 
the pilot signals, one or more channel parameters that are 
either measured or calculated over a de?ned period of time. 
Using different methods, both short term and long term infor 
mation are extracted from the measured signal. The long term 
information can be one or more channel parameters that are 
either measured and/or calculated over a de?ned time period 
Where the value of such parameters varies relatively sloWly or 
not at all. In general, long term information are any informa 
tion obtained from measured and/or calculated received 
information Which information vary relatively sloWly over a 
de?ned time period. The received information may already be 
measured and/or calculated channel parameters; in such a 
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case the method of the present invention obtains long term 
information by ?rst determining long term portions and short 
term portion of the channel parameters. The long term por 
tions of channel parameter values that vary relatively sloWly 
over a de?ned time period. The long term portion can also be 
entire channel parameter values that vary relatively sloWly 
over a de?ned time period. This de?ned time period is 
selected as a period of time during Which the one or more 
channel parameters Will not vary or Will vary relatively 
sloWly. Statistical history, for example, of the one or more 
parameters can be used to determine the de?ned time period. 
The long term information can also be other information that 
relate to the operation of a communication channel of the 
EVDV communication system. 

For a communication system having multiple antenna sys 
tems, one example of a channel parameter that is measured is 
correlation betWeen different antennas at a base station. Cor 
relation betWeen antennas (or antenna correlation) is de?ned 
as 

Where the vector 

is a time varying received complex signal vector on all M 
antennas (M is an integer equal to 2 or greater), H denotes a 
mathematical operation called the Hermitian conjugation 
operation and E{ } is the expectation (or averaging) operation 
in the probability space of the random processes X(t). An 
example of a channel parameter that is calculated is C/l. The 
calculation of C/l involves the measurement of the poWer of 
the desired received signals (i.e., at the mobile) and the poWer 
of other signals characterized as noise or interference. The 
ratio of the measured signal poWer and noise or interference 
poWer is calculated as C/l. The C/l calculation can be done by 
the mobile or by processing equipment at the base station. 
Variations in received signal poWer, commonly referred to as 
signal fading, occur on the order of tens to hundreds of mil 
liseconds. Variations in the correlation betWeen antennas 
occur typically on the order of seconds, i.e., 1-5 seconds. 
Thus, for signal fading a typical value for C/l is usually 
calculated every 1.25 milliseconds and for correlation 
betWeen antennas a value is generated typically every 1 or 2 
seconds. 
The method of the present invention obtains long term 

information from channel parameter values. The obtained 
long term information is arranged as per a particular format 
that is knoWn by both the base station and the mobile. The 
format is the particular arrangement of the obtained long term 
information. In step 104 the arranged long term information is 
transmitted over a feedback channel. Short term information 
also obtained from channel parameter values and are also 
arranged in a particular format and then transmitted over the 
feed back channel. 

Because the correlation values (i.e., antenna correlation 
values) vary at relatively much sloWer rates (values change 
every 1 to 2 seconds), the method of the present invention can 
use the correlation values as long term information Without 
having to determine long term components of such informa 
tion. The correlation values are simply transmitted as long 
term information over the feedback channel. The method of 
the present invention can de?ne a unit time WindoW having a 
2 second duration during Which one correlation value is trans 
mitted. Alternatively, the method of the present invention can 
de?ne a time WindoW N time units long Where each time unit 
is 2 seconds long and N is an integer equal to 1 or greater. 
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6 
During the time period having length of N time units one 
correlation value is transmitted because the correlation value 
may have been determined as typically varying after N time 
units have elapsed. 

For the C/l parameters, Which typically vary at a 10-20 
millisecond rate, the method of the present invention ?rst 
determines relatively sloW varying portions of such informa 
tion and use such sloW varying information as long term 
information. The remaining portion of the C/l parameter 
value can still be transmitted at the 10-20 millisecond range 
and such remainder portion is referred to as short term infor 
mation. Short term information is information or portion of 
information that is received and transmitted at a relatively fast 
rate. Usually, short term information is received and trans 
mitted at the same rate. A de?ned time period or time WindoW 
for C/l can be 20 milliseconds. The long term information can 
be transmitted over N time periods Where N is an integer equal 
to 1 or greater. For example, for the C/l channel parameter, 
values can be measured during a time WindoW of 400 milli 
seconds (N:20, i.e., 20 frames of an EVDO or EVDV system 
Where each frame is 20 milliseconds long) and over the 400 
millisecond time period, portions of the C/l values are rela 
tively sloW varying. The value of N is a system value that is 
knoWn by mobile and base station and can be changed by the 
system. Prior to the beginning of transmissions of C/l values 
or any other channel parameters, the value of N is set by the 
communication system and is knoWn by the mobile and the 
base station. The base station thus knoWs the beginning of the 
C/l information and the length of such information from the 
mobile. 
A C/l value can be analyZed in terms of its decade value or 

threshold value Which represents long term information and 
its delta value Which represents short term information. For 
example, the folloWing values of C/l can be received over 
time: (1)10 dB; (2) 12 dB; (3) 17 dB and (4)13 dB. The values 
can be expressed as (1) 10+A1; (2) 10+A2; (3) 10+A3 and (4) 
10+A4 Where AIIO dB, A2:2 dB, A3:7 dB and A4:3 dB. Thus, 
each value has a long term portion and a short term portion. 
The long term portion is de?ned as a decade portion and the 
short term portion is de?ned as a delta (i.e., A) portion. The 
decade portions are values that are multiples of 10. The 
decade portions change relatively sloWly and can thus be used 
as long term information. The delta portions change every 1-2 
milliseconds and are transmitted at that rate by the method of 
the present invention. HoWever, because the decade portions 
remain relatively the same, one or a feW decade portion can be 
transmitted over N time WidoWs thereby saving bandWidth. 
Assuming the C/l values can vary in the range of 0 dB to 80 

dB. Normally 7 bits Would be needed to represent the values 
in the 0-80 dB range With 0 dB represented as ‘0000000’ and 
80 dB represented as ‘1010000’. Three bits can be used to 
represent the decade information, i.e., 10 dB, 20 dB, 30 dB, 
40 dB, . . . , 80 dB and 4 bits can be used to represent the delta 

information (0-9 dB). Thus, 000 represents 0 dB, 001 repre 
sents 10 dB, 010 represents 20 dB, 011 represents 30 
dB, . . . , and 111 represents 80 dB. The 3 most signi?cant bits 

thus represent C/l decade values Within a certain range (e. g., 
0-80 dB). The decade information can be sent only once 
during N time WindoWs and the delta information can be sent 
as short term information at a relatively much faster rate. In 
the example above the ?rst transmission Would be the most 
signi?cant three bits ‘000’ concatenated to the least four 
signi?cant bits ‘0000’ Where the ‘000’ represents 10 dB long 
term information and ‘0000’ represents the delta information 
Al or 0 dB. The subsequent transmissions for the second, third 
and fourth values Would be ‘0010’, ‘0111’ and ‘0011 repre 
senting 2 dB, 7 dB and 3 dB respectively (i.e., A2, A3 and A4). 
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During the second, third and fourth transmissions only the 
delta portions are transmitted. It is understood that the long 
term portion remains at 10 dB. Therefore other than the ?rst 
transmission four bits instead of seven bits are used to trans 
mit the C/ I value resulting in a decrease in bandWidth usage of 
more than 40%. The ?rst transmission establishes the decade 
value for N time WindoWs or until the decade value changes. 
The method of the present invention can use an extra bit to 
signal a change in the decade value and immediately there 
after a 7-bit value is transmitted Where the most signi?cant 
three bits represent the neW decade value. 

Other channel parameters can be analyZed in terms of long 
term information and short term information by the method of 
the present invention. For example, the Signal to Noise Ratio 
(SNR) of a communication channel is another type of a chan 
nel parameter that can be used by the method of the present 
invention. A base station may Want to knoW the SNR mea 
sured at a mobile Where the range of SNR values is —32 dB 
and 31 dB. The base station Wants to knoW this information to 
Within the closest 1 dB, and Wants this information updated 
ever 1 millisecond. It might be expected that this requires the 
mobile to send back a number from —32 dB to 31 dB. Sending 
back one of 64 numbers (including Zero) Would require 6 bits 
(26:64). Therefore, the mobile could send back 6 bits per time 
slot. For a time slot of l msec. the mobile transmits 6 bits per 
millisecond or 6000 bits per second. Long term information 
for the SNR can be de?ned as a set of the folloWing threshold 
values: —25 dB, —l5 dB, —5 dB, 5 dB, 15 dB, 25 dB Where any 
one of the 6 values can be expressed using 3 bits. The three 
bits thus represent long term information; in this case a 3-bit 
code represents an SNR threshold value. 

The long term information is transmitted once a second and 
may represent, for example, an average of previously 
received SNR values. The transmission rate is thus 3 bits per 
1 second (a very loW bit rate). Short term information modi 
?es the value received in the long term information by a 
number ranging from — l 5 dB to +16 dB. Transmitting one of 
these 32 numbers requires only 5 bits. These 5 bits are sent 
once per slot, i.e., 5 bits per milliseconds or 5000 bits per 
second. For example, if the long term value sent back is +15 
dB (Which Would be the average over the previous second) 
and the short term value is —4 dB then the base station knoWs 
that at that instant the mobile is receiving 

The total bandWidth used in feeding back both the long term 
and the short term information is 

3 bits/second (for long terrn)+5000 bits/second (for 
short term) 

Which is much less than the initial 6000 bits/second that 
Would have been needed. 

In many Wireless communication systems the base station 
may need to knoW at What bit rate it can transmit to a particu 
lar mobile. This is frequently done by the base station making 
a “rate-request”. This rate request involves the mobile trans 
mitting rate request information back to the base station. 
HoWever, in MIMO systems, the base station may Want to 
knoW more than just a simple rate before transmitting. For 
example, sometimes it is advantageous to perform beam 
forming and send a single bit stream in a particular direction. 
In some circumstances it is desirable to transmit one beam of 
signals using beam forming techniques instead of transmit 
ting information using multiple antennas. Beam forming is 
the combination of different beams of signals from different 
antennas resulting in an aggregate beam of signals having a 
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8 
certain beam Width and direction. A base station may, in 
addition to the rate request, also Want a “direction request”. 
Sometimes, hoWever, it is advantageous to send multiple 
independent bit streams as in PARC (per antenna rate con 
trol). PARC is a particular manner of transmitting data in a 
MIMO antenna system; in this case, the base station may 
Want multiple rate requests4one for each transmitting 
antenna. Thus, a signi?cant amount of feedback information 
is used in these MIMO systems. 
A particular code or bit format (generally called an infor 

mation format) can be established for a 2 transmitter MIMO 
system. The mobile Will make a short term request (3 bits) 
once every 2.5 milliseconds (one request/ slot Where a slot is 
2.5 milliseconds in length), and Will send a long term code (2 
bits) once every second. Each long term code represents a 
particular type of antenna signal transmitted at one of three 
de?ned data rates. The data rates can be categoriZed, for 
example, as HIGH, MEDIUM AND LOW data rates. 

The ?ve bit codesitWo of Which are long term informa 
tionican be as folloWs: 

Long term code 00 
Short term code 000:beamform in north direction at loW bit 

rate 

Short term code 00l:beamform in south direction at loW bit 
rate 

Short term code 0l0:beamform in east direction at loW bit 
rate 

Short term code 0l0:beamform in West direction at loW bit 
rate 

Short term code l00:beamform in north direction at medium 
bit rate 

Short term code l0l:beamform in south direction at medium 
bit rate 

Short term code ll0:beamform in east direction at medium 
bit rate 

Short term code 1 l l:beamform in West direction at medium 
bit rate 

Long term code 01 
Short term code 000:beamform in north direction at medium 

bit rate 
Short term code 00l:beamform in south direction at medium 

bit rate 
Short term code 0l0:beamform in east direction at medium 

bit rate 
Short term code 01 l:beamform in West direction at medium 

bit rate 
Short term code l00:beamform in north direction at high bit 

rate 

Short term code l0l:beamform in south direction at high bit 
rate 

Short term code ll0:beamform in east direction at high bit 
rate 

Short term code 1 l l:beamform in West direction at high bit 
rate 

Long term code 10 
Short term code 000:beamform in north direction at high bit 

rate 

Short term code 00l:beamform in south direction at high bit 
rate 

Short term code 0l0:beamform in east direction at high bit 
rate 

Short term code 01 l:beamform in West direction at high bit 
rate 

Short term code l00:send 2 bit streams; loW bit rate from 
both antennas 
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Short term code lOlIsend 2 bit streams; loW bit rate from 
antenna 1; medium bit rate from antenna 2 

Short term code llOIsend 2 bit streams; loW bit rate from 
antenna 2; medium bit rate from antenna 1 

Short term code 1 l l:send 2 bit streams; medium bit rate from 
both antennas 

Long term code 11 
Short term code OOOIsend 2 bit streams; loW bit rate from 

both antennas 
Short term code 00l:send 2 bit streams; loW bit rate from 

antenna 1; medium bit rate from antenna 2 
Short term code 0l0:send 2 bit streams; loW bit rate from 

antenna 2; medium bit rate from antenna 1 
Short term code 01 l:send 2 bit streams; medium bit rate from 

both antennas. 
Short term code OOOIsend 2 bit streams; high bit rate from 

both antennas 
Short term code OOlIsend 2 bit streams; high bit rate from 

antenna 1; medium bit rate from antenna 2 
Short term code OlOIsend 2 bit streams; high bit rate from 

antenna 2; medium bit rate from antenna 1 
Short term code 01 l:send 2 bit streams; high bit rate from 

antenna 2; loW bit rate from antenna 1 

Long term code 00 represents beam forming at either loW or 
medium bit rates. Long term code 01 represents beam form 
ing at either medium or high bit rates. Long term code 10 
represents beam forming at high bit rates and MIMO trans 
missions. Long term code 11 represents MIMO transmis 
sions. Generally, the long term codes represent either a beam 
formed signal having a direction and a particular bit rate or a 
MIMO signal Where signals from each antenna have a par 
ticular bit rate. Thus, the long term code is long term infor 
mation that is used to inform a receiver Which of a ?nite set of 
codes to use to decode the transmitted short term information. 
Once every second, a long term code is sent back from the 
mobile. Depending on the condition of a communication 
channel, either beam forming or PARC techniques can be 
used to transmit information. In some circumstances, it is 
prudent to use PARC techniques While in other circumstances 
it is advantageous to use beam forming. If beam forming is 
used over the course of a second, for example, then the mobile 
might transmit a 00 code. For the next second, the mobile 
could only request beam forming in one of the 4 directions at 
one of the tWo loWer rates. The advantage of using this infor 
mation format is that the mobile transmits only 3 bits per slot. 
HoWever, once per second, the mobile transmits tWo addi 
tional bits. 

The long term information obtained from measured and/or 
calculated channel parameters can be stored in any organized 
storage data structure or memory space of a processor. The 
various long term information is aggregated, arranged and 
stored in a particular manner. Because much less information 
is noW used to characterize a communication channel, much 
less bandWidth is needed to transmit such information. Also, 
if the bandWidth allocated to transmit such information does 
not change, more different types of channel condition infor 
mation can be transmitted using the same bandWidth. As a 
result, more different types of channel state information can 
be stored in the channel matrix. For example, short term 
information can be stored along With the long term informa 
tion. The short term information are instantaneously mea 
sured and/or calculated values of channel parameters. 

Another channel parameter that can be expressed as either 
long term information or short term channel condition infor 
mation is the relative phase of the channel of the antennas or 
the phase of the correlation betWeen antennas of a MIMO 
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antenna system. The signals received at each antenna are 
complex numbers in their baseband representation. It is then 
possible to observe that the complex signal measured at one 
antenna has a different phase than the complex signal mea 
sured at another antenna. Moreover, it is possible that an 
average ?xed phase difference betWeen tWo antennas may be 
observed for a long period of time. Such channel condition 
information in its short term form or long term form can also 
be arranged and stored in the channel matrix With other short 
term information or long term information. 

The base station receives the long term information and 
based on such long term information makes any necessary 
adjustments (or modi?es) to its transmission of information 
over the forWard link. For example, the average C/l poWer 
value being received by a mobile may be less than a system 
de?ned desired value. In such a case, the base station may 
increase the poWer level at Which it transmits information to 
that mobile. Thus, the base station transmits information over 
the forWard link, it receives long term and short term channel 
condition information over a feedback channel or a traf?c 
channel from one or more mobiles and adjusts its transmis 
sion based on the received short term and long term condition 
information. Note that the long term and short term channel 
condition information need not be transmitted over a feed 
back channel or signaling channel; it can be transmitted over 
a tra?ic channel typically used to convey user information. 
The method of the present invention, although described in 
the context of a mobile transmitting long term and short term 
channel condition information over a feed back channel, can 
also be used by a base station to transmit such long term and 
short term information over a signaling channel (or user chan 
nel ) to one or more mobiles to alloW the one or more mobiles 

to adjust their reverse link (communication channels alloWing 
transmissions from mobiles to base station) transmissions to 
the base station; in this case, it is the base station and/or 
associated equipment that obtains the long term channel con 
dition information and arranges such information in particu 
lar manner or format to as per the method of the present 
invention. 
The transmitted long term information and short term 

information is received by a device or system (either base 
station equipment, a mobile or other receiving equipment). 
The receiving device and/or system then modi?es informa 
tion to be transmitted based on such received long term and 
short term information. The received short term information 
can be related to the received long term information. For 
example both types of information may be representing the 
same channel parameter values Where the long term portion 
varies relatively sloWly. Another example of a related short 
term information is When the long term information is used to 
inform the receiver as to hoW to interpret the short term 
information as discussed in the long term code example 
above. 

We claim: 
1. A method of transmitting information in a communica 

tion system having at least one multiple antenna system, the 
method comprising: 

transmitting over N de?ned time periods long term infor 
mation arranged in a particular format and obtained 
from at least a portion of measured or calculated 
received information Where N is an integer equal to l or 
greater; and 

transmitting short term information Where the long term 
information is used to inform a receiver Which of a ?nite 
set of codes to use to decode the transmitted short term 
information. 
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2. A method of receiving information in a communication determining Which of a ?nite set of codes to use to decode 
system having at least one multiple antenna system, the the Short term information based upon the 10mg term 
method comprising: information 

3. The method of claim 2 further comprising the step of 
5 modifying information to be transmitted based on the 

received long term and related short term information. 
Where N 15 an Integer equal IO 1 Or greater; 4. The method of claim 2 Where a mobile receives the long 

receiving short term information related to the long term term mformanon and related Short term mformanon' 

information; and * * * * * 

receiving long term information arranged in a particular 
format and transmitted over N de?ned time periods 


